Abstract: Decision-making in entrepreneurs is a key aspect of their skills, but much about these processes remains unexplained. During a Stroop task, concomitant N200, P300, and N450 eventrelated potentials were measured in 25 founder entrepreneurs and in age-matched and gendermatched nonfounders/nonentrepreneurs (NFNE). Reaction times were shorter among founder entrepreneurs. The N200 was shorter and N450 larger in founder entrepreneurs. The personalities of both groups were measured using the Temperament and Character Inventory-Revised. Founder entrepreneurs scored significantly higher in novelty-seeking and self-directedness dimensions, as well as in exploratory excitability, impulsiveness, optimism, eagerness, and responsibility subdimensions. Possible interactions among candidate variables to differentiate between founder entrepreneurs versus NFNE were also addressed, and the model including impulsivity, N450 latency, and impulsivity*N450 interaction came up as the best model for discrimination between founder entrepreneurs and NFNE. A shorter N200, mostly associated with bilateral supplementary motor area activation, revealed a faster capability to make decisions when information was noncongruent or blurred. However, the larger N450 revealed a more intense post-evaluation cognitive process happening in founder entrepreneurs and was accompanied by a greater activation of anterior frontal regions. The whole decision-making process consumed more time and resources in founder entrepreneurs, even if its closure was faster. Attention, memory, and alertness, among other factors, have been invoked to explain some of these differences. Founder entrepreneurs may have cognitive and heuristic differences compared with the general population.
Introduction
Decision-making is a common task, even inadvertently, but for entrepreneurs this is a key issue. 1 Among the many decisions entrepreneurs are confronted with, they must decide about which opportunities to pursue, how to obtain resources, with whom to work, and how to resolve the many risks and uncertainties of creating a new venture. Hence, entrepreneurial decision-making consists of multiple operations, including option evaluation, actions, and outcome monitoring. 2 Entrepreneurial decision-making plays a pivotal role in translating perception into action 3 and is affected by factors such as personality or attention, among others. 4 Therefore, numerous studies have investigated the psychologic foundations of decision-making among entrepreneurs, hoping to explain better how some people acquire stronger capabilities or why some may be more inherently adept at decision-making in this field. 5 Our research builds submit your manuscript | www.dovepress.com
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Ortiz-Terán et al upon this literature by studying the relationship between key neurophysiologic and personality characteristics in entrepreneurial decision-making. A comprehensive neuroanatomic model for decisionmaking remains far from being fully elucidated, but there is a growing consensus that premotor frontal and parietal regions are involved. Decision-making includes several cognitive processing steps, ie, preparation for certain stimuli, evaluation of the validity (or invalidity) of the preparatory state, and feedback cycling of the information extracted from one trial to the next. In daily life, humans monitor their actions in a constant fashion to ensure that their responses are environmentally appropriate. This requires the interaction of sensory and executive networks at different levels of the processing hierarchy, 6 which leads to the final step of decision-making, ie, execution of a motor response. 7 Event-related potentials (ERPs) are valid markers of neuronal activation accompanying task performance. Their topography and amplitude are strongly task-dependent. The amplitude of ERPs varies with the amount of neuronal activation 8 and the amount of mental effort. 9 ,10 ERP topography varies with the underlying cognitive process [11] [12] [13] and is correlated with the brain location of the underlying neural generators. 14 ERP components, such as the N200, P300, and N450, have complex sensitivities related to task parameters. They reflect higher order cognitive processes, eg, selection and working memory.
The N200 is associated with changing features in the stimulus environment and has been interpreted as an automatic filtering stage for selective attention towards novelty. 15 Two specific cognitive processes (response selection and executive control), both related to response inhibition, have been identified in the N200. 16, 17 Dysfunctions in response inhibition have been linked to alterations in impulse control and reduced N200 in different frontal and central regions. 18 The P300 is a positive waveform occurring approximately 300 msec after stimulus onset and is associated with both working memory and attention. [19] [20] [21] [22] [23] The P300 is generated within multiple structures, including the parietal, temporal, and frontal cortices. 24, 25 A post-decisional "cognitive closure" mechanism has been related to the P300. 26 A similar statement can be made about the P300 and accessing consciousness. 27 The P300 can serve as a marker of working memory in evaluation of environmental stimuli whenever an ongoing task requires identification of salient information. 20 The more negative ERP components around 400 msec are associated with completion of cognitive processing.
This late negative ERP component could reflect the process of retrieving images from memory. It has been reported in the frontal-central areas, left superior/middle temporal gyrus, anterior-medial temporal lobe, parahippocampal cortex, and anterior fusiform gyrus, during mental rehearsal imagery tasks. 23, 28, 29 The N450 may be related to a distributed and multimodal system that responds to both verbal and nonverbal stimuli. 30 Cognitive tasks that require detection of processing conflicts between competing response options (eg, incongruent condition of the Stroop task) reliably elicit a N450. [31] [32] [33] [34] [35] [36] [37] [38] The N450 is present following both stimulus and response conflict. 39, 40 According to the conflict monitoring view, [41] [42] [43] activity of the anterior cingulate cortex is directly proportional to the degree of conflicting information. It has been shown that both the posterior parietal cortex 44, 45 and the inferior parietal cortex 46 may be related to conflictive information processing. Similarly, response conflict has been reported to modulate premotor cortex activity, 45 as well as that in the dorsolateral prefrontal cortex. 47 ERP studies on interference effects during the Stroop task have shown greater negativity from frontal-central to central parietal regions around 450 msec to incongruent stimuli after stimulus presentation. 31, 35, 48 Founder entrepreneurs, defined here as persons who have founded a new venture in order to exploit opportunities, are sometimes assumed to be more heterogeneous than the rest of the population 49 and those who have never founded new ventures and those with no entrepreneurial background (NFNE). Suffice it to say their differences in decision-making, why the former can transform an event into an opportunity, and the extent to which entrepreneurs can detect environmental differences better, even leading them to create and erect a company, are relevant issues that are not sufficiently understood. Some authors have even spoken of "entrepreneurial cognition", defined as "knowledge structures that people use to make assessments, judgments or decisions involving opportunity evaluation, venture creation and growth." 50 A considerable amount of research has been done based on the premise that company founders and entrepreneurs have a cognitive style that is different to that of business executives or the general population. 51 Significant evidence supports this view, 4 although it remains a topic of debate. 52 Nevertheless, there is a huge gap in the research about neurobiologic parameters related to decision-making which may differ between entrepreneurs and nonentrepreneurs. Moreover, the integration of neurobiological variables with personality within this context has not been previously addressed. 
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Brain cortical organization in entrepreneurs Our hypothesis is that decision-making is different, both neurophysiologically and in terms of reaction time, in founder entrepreneurs when compared with NFNE. In order to address this issue, we compared a founder entrepreneur group and an NFNE group during a Stroop task, and measured some specific concomitant ERPs and their respective brain locations, as well as their behavioral responses. We also took into account personality differences between the two groups.
Materials and methods Participants
Twenty-five founder entrepreneurs comprising 20 men and five women of mean age 33.36 ± 5.67 years (group 1, experimental or case group) were recruited from several firms after initial contact via telephone. Our operational definition of a founder entrepreneur was anyone who had created at least one company and had been or was either the current executive director or holder of a directorial position at the time of our study. Twenty-five NFNE, defined as people who have never created a company and were not in training to start a company, were also recruited. This group was matched for gender, age, and academic achievement, and comprised 20 men and five women of mean age 31.48 ± 6.34 years (group 2, controls). Thus, our data set consisted of 50 casecontrol pairs matched for gender, age, and education level. Two participants reported being left-handed (one from each group). The rest were all right-handed. Nobody reported being color-blind.
Recruitment was carried out at the IE Business School in Madrid, Spain. We started with a list of former graduates from this institution and another list of founder entrepreneurs from the Madrid region associated with the IE in some capacity. An initial random selection took place. Once identified, potential participants were contacted via telephone by the researchers and the nature and purpose of the study was explained to them. They were offered a personal interview and ample opportunity to ask as many questions about the experiment as they wanted. Thirteen of 38 (34%) potential subjects contacted refused to participate. The age and gender distribution of those who refused to enter into the study was similar to that in the experimental group, but no other data were gathered from those who refused to participate. Recruitment continued until 25 people were selected.
The control group was recruited from undergraduate and postgraduate students at universities and business schools in Madrid, using available open lists. Once an individual from the experimental group (founder entrepreneurs) had been selected, a gender-matched NFNE control of similar age was chosen at random. Potential controls were also contacted by telephone, a personal interview was offered, and the nature and purpose of the study was explained. All were given the opportunity to ask any questions they wanted. The refusal rate was 43% (19 of 44) .
No one received any economic compensation for his/her participation in this research. All participants gave their written informed consent. The study was approved by the IE Business School ethical committee and adhered to the principles stated by the Declaration of Helsinki.
Temperament and character inventory-revised
Cloninger designed a tool for evaluation of different dimensions defined in his psychobiological model of personality, ie, the Temperament and Character Inventory-Revised (TCI-R). 53 We focused our attention on the following dimensions and subdimensions: novelty-seeking (exploratory excitability, impulsiveness, extravagance, disorderliness), harm avoidance (optimism, fear of uncertain, shyness with strangers, fatigability), reward-dependence (sentimentality, openness to warm communication, attachment, dependence), persistence (eagerness, work-hardened, ambitious, perfectionist), and self-directedness (responsibility, purposefulness, resourcefulness, self-acceptance, congruent habits). 53 
stimuli
The basic Stroop reaction time task consisted of words about a variety of colors (blue, green, red) printed in colors different from that of the word itself (eg, the word "blue" printed in green or red) on a computer screen. Congruent stimuli (eg, the word "blue" printed in blue) were not used. Words with incongruent colors were displayed against a black background. The six stimuli (three words and three colors, always in incongruent fashion) were presented in a pseudorandom order, with targets occurring 75% of the time (100 word stimuli and 100 color stimuli). Distractors constituted 25% (70 stimuli) of the total number of stimuli. The target of this experiment was the color blue. In other words, only the color blue was used for analysis while the word "blue" was disregarded for this purpose.
Each word was presented for 300 msec and was followed by a black pause of 700 msec, while participants were requested to provide an answer whenever either the word "blue" or the color blue appeared (Figure 1 ). The Stroop protocol lasted 4.5 minutes. The whole duration of the experiment was about 2 hours, including preparation of the electroencephalography (EEG) system, the Stroop task, and the TCI-R test.
Procedure
Electroencephalography testing, aimed at registering N200, P300 and N450 ERPs, was carried out. For this purpose, participants were tested on an individual basis in a small dimly lit room. They were comfortably seated in front of a 19-inch computer screen (refresh rate 100 Hz), positioned 1 m from their eyes. They rested both hands on a standard Spanish keyboard connected to the computer screen. The participants were instructed to stay awake, keep their eyes open, blink as little as possible, and avoid abrupt movements. They were instructed to respond exclusively to the blue stimulus, regardless of whether it was the word "blue" or the color blue for words "green" and "red". The participants were asked to press the "Z" key with their left index finger whenever the word "blue" appeared and to press the "M" key with their right index finger for whichever word was colored in blue.
electrophysiologic testing
High-density EEG recordings were made using a customdesigned 128-channel electrode Neuroscan cap with an ATIPentatek ® EEG system (PentaTek, Buenos Aires, Argentina). A filter bandpass of 0.05-30 Hz and a sample rate of 512 Hz were used. Impedances were kept under 5 kΩ. We used electrodes in both mastoids as on-line references. Data were referenced to an average standard following acquisition. An artifact rejection criterion of 100 mV was used to exclude eye blinks.
From the remaining artifact-free trials, averages were computed for each participant and each condition, with a mean of 80% trials per average. Analysis was carried out using 1,000 msec epochs. Individual subject averages were visually inspected to ensure that clean recordings were obtained and no artefacts were included. Baseline was considered to be the voltage recorded at the beginning of the stimuli, or more specifically, as the average voltage at stimulus onset. Noisy channels were replaced with linear interpolations from clean channels sparingly.
Eye and muscle movement artifacts were identified off-line on a trial-by-trial basis through visual inspection and removed prior to data averaging and ERP analysis. The ERPs obtained were averaged separately for right hand color response and each subject. We analyzed the N200, P300, and N450 latencies from the highest peak amplitude of the Pz electrode. Source localization (low-resolution electromagnetic tomography [LORETA] 54,55 ) was done using the N200 (150-250 msec time window) and N450 (400-600 msec time window). The time taken to analyze the N200-P300-N450 components was determined by searching for the maximal amplitude in the respective time window at the Pz electrode. The LORETA analysis was done opening a time window of −20 to +20 msec starting from the highest amplitude peak measured in the Pz electrode. 56 A visual explanation of the neurophysiologic testing used is provided in Figure 2 . 
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Brain cortical organization in entrepreneurs underlying brain electric sources of the scalp potentials. 54, 55 This procedure computes the three dimensional distribution of the electrically active neuronal generators in the brain as a current density value (A/m 2 ) at each voxel. The linear LORETA solution relies on a criterion of contiguity, ie, the activity at any given voxel in cortical gray matter must be as similar as possible to the average activity of neighboring voxels. This criterion draws on electrophysiologic evidence for the highly synchronized activity of neighboring neurons, necessary for generating the EEG. 57 The source locations are therefore given as Montreal National Institute coordinates ("x" from left to right, "y" from posterior to anterior, "z" from inferior to superior). Calculation of all reconstruction parameters is based on the computed common average reference. 57 The LORETA method has been validated for face processing brain areas, as well as localization in other cortical regions. 57 Different models have been defined by constraining the source to one anatomic compartment using the Probabilistic Brain Atlas (PBA) 58, 59 and Brodmann Atlas. For our purpose, a spatial resolution of 7 mm was used, rendering a three-dimensional LORETA image of 2,394 voxels in total for each scalp potential distribution map.
statistical analysis
Two-sample t-tests were used to evaluate differences in personality (temperament and character) scores, reaction times, and latencies between the two groups. Nonparametric Mann-Whitney tests were used to compare ERP amplitudes. Pearson correlation coefficients were used to examine the relationship, in the whole sample, between significant personality scores on the one hand and significant latencies on the other. This correlation analysis suggests a reduction 
Time (ms)
Figure 2 grand average of erPs in both groups for N200, P300, and N450 during the stroop task. erP components are shown from the Pz scalp location. The time frames for analysis of the N200, P300, and N450 components were determined by searching for the maximal amplitude in the respective time window at the Pz electrode. The lOreTa analysis was made opening a time window of −20 to +20 msec starting from the highest amplitude peak measured in Pz electrode (interval ±20 msec for each of the erPs considered is marked in gray). Abbreviations: erPs, event-related potentials; lOreTa, low-resolution electromagnetic tomography. 
38
Ortiz-Terán et al of scores and latencies when the analysis of the prognostic relevance of these measurements is undertaken, while discriminating between the groups (logistic regression analyses). The chi-square statistic was used to analyze the homogeneity of the groups with regard to the entrepreneurial nature of parents. Linear regression models were used to analyze the effect of age on reaction times and significant latencies in the two groups. ANOVA F-tests were applied to study the effect of gender, considering gender and group as factors and both reaction times and latencies as dependent variables.
Finally, logistic regression analyses were used to select those variables useful for discriminating correctly between the experimental and control subjects. The independent (or predictor) variables initially considered were the significant temperament and character scores, reaction times, and significant latencies obtained in previous statistical analyses. The model's performance was assessed by means of classification tables, together with standard Hosmer-Lemeshow 60 goodness of fit tests, and the Nagelkerke R 2 goodness of fit statistic. The efficiency of the final model was assessed by the area under the receiver-operating characteristic curve. All analyses were conducted using the Statistical Package for the Social Sciences version 19 software (IBM Corporation, Armonk, NY, USA).
A voxel-by-voxel EEG statistical mapping was computed to find mean differences in the activated cerebral sources between the groups. The independent Hotelling's 2 test for multiple comparisons between groups was used, considering the degrees of freedom and threshold values for α ,0.01 (corrected for multiple comparisons according to the contiguity of voxels criterion) for the N200, P300, and N450 epochs. ANOVA measurements, using the mean differences between the N200, P300, and N450 latencies, were used to compare each group. Analyses for the independent Hotelling's T-squared test were conducted using Neuronic ® statistic software.
Results
Differences in temperament and character measures between groups
T-tests showed statistically significant differences only in the "novelty-seeking" dimension (P = 0.026). Analysis of subdimensions for five TCI-R dimensions showed statistically significant differences for "exploratory excitability" (P = 0.038), "impulsiveness" (P , 0.001), "eagerness" (P = 0.007), and "responsibility" (P = 0.049), with values generally larger in the founder entrepreneur group. Finally, "optimism" (P = 0.035) in the "harm avoidance" dimension showed significant differences, with values being generally lower in founder entrepreneurs. There was a close relationship between these five significant subdimensions. Thus, for the overall sample, all correlation coefficients, except for the "exploratory excitability"-"eagerness" and "responsibility"-"eagerness" correlations, were significant (P , 0.03). These findings suggest a potential variable reduction process when analysis of the prognostic importance of the TCI-R scores is undertaken (logistic regression analysis).
Differences in reaction times and erP latencies and amplitudes between groups
In response to the target stimulus (color blue), the cerebralevoked potentials in both groups were associated with a negative wave (N200), followed by a positive wave (P300) and finally a negative wave (N450) complex. The amplitude, latency, and configuration of these components were similar for the cerebral responses to both groups ( Figure 2) .
The means and standard deviations of the reaction times and latencies for founder entrepreneurs and NFNE are shown in Table 1 , which also shows the between-group differences in terms of Cohen's d effect sizes. 61 The mean reaction time in controls was greater than that in the founder entrepreneur group. The t-test showed statistically significant differences (P , 0.05). The results for reaction time were homogeneous in both groups, with 97% being correct responses and 3% being errors.
Only the N200 and N450 latencies showed significant differences between the groups. In addition, observing Table 1 two numerical questions (issues) could be commented upon, ie, the control N200 and P300 latencies means were greater than those in the founder entrepreneurs, which is the 
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Brain cortical organization in entrepreneurs reverse of the trend for N450 latency. Second, N450 latencies in the NFNE group were rather more dispersed than in the founder entrepreneur group, while the dispersions were comparable for N200 and P300 (see standard deviation values in Table 1) .
No significant linear correlation was found between the N200 and N450 latencies, whether we considered the whole sample (r = −0.20, P = 0.18 for 50 individuals) and the two groups separately (r = −0.22, P = 0.30 for 25 entrepreneurs, and r = 0.04, P = 0.85 for 25 controls).
No significant differences in ERP amplitudes were found between the groups (Table 2) .
entrepreneurial nature of parents of participants in the study groups
Regarding the entrepreneurial nature of parents, the groups were not homogeneous ( χ 1 2 = 13.07, P , 0.001); 68% (n = 17) of founder entrepreneurs compared with 16% (n = 4) of NFNE had parents who were entrepreneurs. The possible confounding or modifying nature of this factor was considered when the selection of variables and factors associated with an entrepreneurial nature was carried out (logistic regression analyses).
effects of age
In the case of age, the nature of the design, gender and agematched case-control study, avoids the potential confounder effect of age. Nevertheless, age may have a modifying effect (interaction) with other variables, including latencies and reaction times.
Ideally, the effect of aging should be assessed within a longitudinal study design but the retrospective nature of this study suggested that assessing this effect by means of linear regression analyses in the two groups, considering age as the independent variable and reaction times the N200 and N450 latencies as dependent variables. In these analyses, a positive or negative slope coefficient close to zero indicates the stability of reaction times and latencies across age in the control group (all P-values . 0.78, according to the t-test of the slope of the regression line). Different results were found in the founder entrepreneur group, ie, reaction times increased with age, but not in a statistically significant manner (P = 0.1), while the N200 latency increased significantly with age (P = 0.04), with a close to significant decrease in N450 latency being observed (P = 0.08). The final decision about the modifying effect of age was carried out by adding the term "interaction" to the logistic model and evaluating both its biological meaning and its statistical significance.
gender effects
As with age, it was necessary to analyze the possible interaction effect between gender and other covariates, ie, to examine whether the association between gender and latencies and reaction times change (or not) within the groups. The gender*group interaction term was not significant in the ANOVA tests relating to the three variables, ie, reaction times, and N200 and N450 latencies (F 1,46 = 0.03, P = 0.865 for reaction time, F 1,46 = 1.25, P = 0.27 for N200, and F 1,46 = 3.08, P = 0.09 for N450). On the basis of these results, gender should not be considered as a candidate for the multivariate model in logistic regression analyses.
logistic regression analysis of personality, erP latency, and reaction time
We fitted a series of logistic regression equations to determine predictors of the nature of founder entrepreneurs. The dependent variable was "group" (founder entrepreneur or control). The independent (predictor) variables initially considered were the five temperament and character scores that showed statistical significance, reaction times, and N200 and N450 latencies. A specific analysis for age and the entrepreneurial nature of the parents was conducted. The logistic regression models were developed to predict the probability to belong to the founder entrepreneur group.
The variable selection process began with a careful univariate analysis of each variable using likelihood ratio tests with a P-value of 0.25 as the screening criterion to select candidate variables for the multivariate model. Due to the different nature of the predictors, we started the multivariate analysis with two separate blocks: the first for the temperament and character variables and the second for latencies and reaction times. Due to the different nature of the predictors, we started the multivariate analysis with two separate blocks: 
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Ortiz-Terán et al the first for the temperament and character variables and the second for latencies and reaction times. Logically, the five variables in the first block showed statistical significance.
Subsequently, a multivariate logistic model including the five selected variables was fitted. The relevance of each variable was verified by examination of its Wald test statistic; only two variables, ie, impulsivity (P = 0.005) and eagerness (P = 0.05), demonstrated a predictive power in the multivariate model. This suggested a new representative model that contained only the impulsivity and eagerness variables, and the P-values for this new model were 0.002 and 0.032, respectively. The models containing five and two variables were compared via the likelihood ratio test ( χ 3 2 = 0.65, P = 0.88), showing that the three variables discarded (exploratory excitability, optimism, responsibility) added nonrelevant information to the model. At this point, it should be noted that the single model containing the impulsivity and eagerness variables provided a good fit in terms of the Nagelkerke R 2 statistic, 0.483, and the classification table, ie, the sensitivity and specificity of model was 76% and 80%, respectively, when a cutoff point of 0.50 was adopted. Univariate analysis corresponding to reaction times showed a significant association between these times with the group membership (P = 0.042).
The two latencies considered, ie, the N200 and N450, show a significant association with the group (P = 0.021 and P , 0.001, respectively). Subsequently, a multivariate logistic model including reaction times, and the N200 and N450 variables was fitted. Only the N450 latency was statistically significant (P = 0.003, Wald test). Reaction time and N200 latency did not add relevant information to the model containing only the N450 latency ( χ 2 2 = 4.82, P = 0.09). Again, it is important to emphasize that the model containing only the N450 latency provided a good fit (a Nagelkerke R 2 statistic of 0.390, with a sensitivity of 80% and specificity of 64%).
The next step in development of the model was to fit a new model containing all of the selected variables, ie, impulsivity, eagerness, and N450 latency. Multivariate analysis selected only impulsivity (P = 0.008) and N450 latency (P = 0.015). Taking into account the results concerning the "entrepreneurial nature of parents", an additional model was fitted to assess the confounder status of this covariate. Comparing the estimated coefficients for impulsivity and N450 latency from the models containing and not containing "entrepreneurial nature of parents", we concluded that this covariate is not a confounder.
The model-building process was continued by ascertaining the correct scale in the logit for impulsivity and the N450. This analysis showed evidence of linearity in both cases.
The next step in model development was assessment for the possibility of interaction between the variables. In addition, in view of our results for age, we sought to determine whether age interacts with any of the variables. Three interactions were significant or close to statistical significance, ie, impulsiveness*N450 (P = 0.012), impulsiveness*age (P = 0.059), and N450*age (P = 0.061). An additional model containing these interactions selected only the impulsivity*N450 interaction. Therefore, the model including impulsivity, N450 latency, and the impulsivity*N450 interaction was selected as the best model for discrimination between entrepreneurs and controls. The coefficients (and their P-values) in the final model were: −3.342 (P = 0.030) for impulsivity; −0.136 (P = 0.039) for N450 latency; 0.007 (P = 0.021) for the impulsivity*N450 interaction; and 62.69 (P = 0.051) for the constant. The Hosmer-Lemeshow statistic was 7.21 (P = 0.514) and the Nagelkerke R 2 goodness of fit statistic was 0.647, indicating that 64.7% of "variation" in the discrimination (founding entrepreneur versus NFNE) was explained by the logistic model.
A receiver-operating characteristic curve was used to evaluate the precision of the final model. The area under the receiver-operating characteristic curve was 0.898 with a 95% confidence interval of 0.808-0.987. At the 0.5 cutoff point, sensitivity was 0.80, specificity was 0.92, and total classification accuracy was 0.81. Figure 3 shows this curve.
In this approach, estimated probabilities are used to predict group membership. From the final fitted model, the estimated probability of belonging to the entrepreneur group increased when impulsivity increased and when N450 latency 
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Brain cortical organization in entrepreneurs increased, this probability being highest when both covariates were large. As an example, the estimated probability of belonging to the entrepreneur group for an individual with values of 27.16 for impulsivity and 547.08 for N450 latency (average values of the entrepreneur group) was 0.921. The probability for an individual with values of 22.12 for impulsivity and 474.52 for N450 latency (average values of the control group) was 0.191.
source localization
During the Stroop task color response, maximal activation in N200 was seen in the right temporal area in both groups and in the occipital and frontal areas in founder entrepreneurs. Both groups showed activation of multimodal temporoparieto-occipital areas in P300, yet they differed slightly, with higher activation seen in the right frontal lobe in the founder entrepreneur group. Finally, the N450 showed maximal activation in right temporofrontal lobes in founder entrepreneurs, while in the NFNE group, the activation was in the left frontal, right temporal, and bilateral parietal areas ( Figure 4 and Table 3 ).
Differences in source localization between groups
Using statistical mapping, significant differences in the N200 were found between the groups during the Stroop reaction time task, with higher activation in supplementary areas bilaterally in the founder entrepreneur group and higher activation in the left occipital area in the NFNE group. In contrast, differences in the N450 were found in the left inferior frontal areas in favor of the founder entrepreneur group ( Figure 5 and Table 4 ). No significant differences were found in the P300.
Discussion
Identifying "entrepreneurial thinking" has been the aim of many studies, 4 but this is far from being fully elucidated. Our study focused on what we considered to be the first step of this phenomenon, ie, how decision-making regarding an ambiguous and unfamiliar task differs between founder entrepreneurs and NFNE and what are the parameters that differentiate these two groups. In the following sections, we review the decisionmaking process during a Stroop task in founder entrepreneurs and NFNE. The following discussion explains the differences between these groups in relation to personality, behavioral responses, ERPs, and their respective brain areas.
Differences in temperament and character
Our results show that, in relation to personality, the noveltyseeking parameter is the only one that yields significant differences. Its subscales "exploratory excitability" and "impulsiveness" are prominent in founder entrepreneurs. With regard to the other personality dimensions, some 
Experimental
Control
Figure 4
Mean maps source analysis (lOreTa) obtained in N200, P300, and N450 in both groups during the stroop task. Maximal intensity projection areas are displayed in red. Abbreviations: a, anterior; P, posterior; lOreTa, low-resolution electromagnetic tomography. 
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Ortiz-Terán et al Table 3 Summary of mean maximal intensity projection areas indicating specific localization in both groups during the Stroop task in N200, P300, and N450 
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Brain cortical organization in entrepreneurs specific subscales were found to be significant as well, ie, responsibility (belongs to self-directness), optimism (belongs to harm avoidance), and eagerness of effort (belongs to persistence). Exploratory excitability and impulsiveness could be associated with riskier behavior, interest in new ideas and activities, but also intolerance of monotony and boredom. These dimensions are more prominent in founder entrepreneurs and match with the overall personality one might anticipate in this group. Lawrence et al 62 labeled this entrepreneur impulsivity trait "functional impulsivity", ie, something more related to activity, enthusiasm, and adventurousness. 63 High scores on eagerness of effort may be related to pursuit of achievement by entrepreneurs. [64] [65] [66] [67] Again, this group is behaviorally characterized by achievement and persistence. Other researchers have reported similar results and consider motivation and optimism to be traits characteristic of personality in entrepreneurs. 68 
Differences in reaction times and erP latencies
Reaction times indicated that founder entrepreneurs made faster decisions than did NFNE, both behaviorally (shorter reaction times), and neurophysiologically (N200). The faster reaction times and shorter N200 latency seen in founder entrepreneurs could be related to their better capacity for selective visual attention, 69 response selection, and executive control. The latter two cognitive processes are associated with response inhibition. 16, 17 Selective visual attention facilitates analysis of relevant information by omitting distracting information. This is a process aided by previous learning. [69] [70] [71] [72] [73] One might speculate that entrepreneurs are more accustomed to monitoring their environment in a persistent fashion in order to extract relevant information for a better response. Indeed, Gaglio and Katz 74 suggested that entrepreneurs may have "entrepreneurial alertness", which they defined as a cognitive framework that assists such persons in being alert to opportunities. The N200 and reaction time may also be explained by faster decision-making by entrepreneurs in a scenario of only partial and variable information. 7, [75] [76] [77] [78] [79] Entrepreneurs may be able to make faster decisions based on partial information due to cognitive mechanisms 80 and pattern recognition, even if it is a complex one against a noisy background. 81 The earlier N200 latency seen in founder entrepreneurs may be influenced by their functional impulsivity, ie, a tendency to act with relatively little forethought. 62, 63 On the other hand, impulsivity has been reported as a key factor influencing very basic perceptual and memory processes. [82] [83] [84] [85] [86] [87] [88] It would seem that founder entrepreneurs may have better skills for adaptation and modulation of their behavior according to the goal they are pursuing, ie, their attention is focused on goal-relevant information that will enhance selection of a response. 89, 90 Founder entrepreneurs also employ fast and simple rules to adapt their representative
Figure 5 statistical mapping using independent hotelling's T-squared test showing significant differences in maps between founder entrepreneur and NFNE groups during different tasks in the N200-N450 waves. Abbreviations: r, right; l, left; a, anterior; P, posterior; NFNe, nonfounder/ nonentrepreneur. heuristic decision responses in response to changes in the informational context. 91 On the other hand, attention directed towards a given stimulus precludes other cognitive processes which could delay decision-making. [92] [93] [94] [95] [96] The N200 during a Stroop paradigm reflects detection of conflict and its resolution. It indicates the amount of resources recruited for monitoring of conflict, novelty detection, and sequential mapping processes. 97 Some authors have stated that this reflects pre-response conflict during correct trials. 98 Based on this literature, founder entrepreneurs may be better at detecting conflict and resolving it rapidly.
However, an alternative explanation cannot be overlooked. Some authors state that the N200 maximal amplitude, and conflict, depends upon the individual's ability to consider an alternative response. 98 Furthermore, N200 latency was found in several studies to be correlated with reaction time. 98 However, reaction time in the Stroop task depends on the individual's internal criterion with regard to whether or not they prefer swiftness of response over accuracy, ie, the response-accuracy tradeoff. Entrepreneurs might have been inclined to react faster, risking more false responses as a tradeoff, yet we found no behavioral differences in error rates or correct answers between our two groups. Correlates of this different criterion (compared with the control group) are the faster reaction time and N200. Obviously, this would also fit with the greater impulsivity reported for entrepreneurs, because an impulsive person would tend to trade speed for accuracy. This alternative explanation would indicate that N200 is not related to the quality of conflict detection, but is more difficult to prove given the lack of difference in errors and correct answers between the two groups.
The more prolonged N450 latency in the experimental group suggests that founder entrepreneurs need more time to complete all cognitive processes linked to decisionmaking. The N450 has been replicated several times in Stroop paradigms and can be considered a robust marker of conflict processing in ERP studies. However, this delay is not related to either detection or resolution of conflict in the Stroop paradigm. [99] [100] [101] [102] The N450 is a more general marker of an abstract level of conflict 101, 102 and is linked to cognitive monitoring of a decision that has already been taken, although stimulus conflict could also influence the N450 (latency). This suggests that founder entrepreneurs are slower and more cautious than the controls in evaluating their decisions. Sarasvathy 103 contends that entrepreneurial decision-making is often far from linear.
On the other hand, the N450 has been found to be associated with access to memory during generation and maintenance of visual images. 30, [104] [105] [106] [107] Working memory has been invoked as a key factor that may explain differences between individuals when dealing with highly complex cognitive tasks. 1 We did not address this issue specifically, but future research will need to take into account the N450 and working memory when differentiating between founder entrepreneurs and NFNE.
Differences in erP (N200/N450) source localization
Founder entrepreneurs can also be differentiated by the brain location with regard to two cognitive process, ie, an early one associated with motor response initiation (N200), mostly localized around supplementary motor areas, and a late one (N450) linked to integrative cognitive processes, which serve to analyze and evaluate a given response, mainly in the anterior frontal regions.
The N200 reflects pre-response processing during decision-making tasks. Differences in maximal brain activity at this stage were found bilaterally in supplementary motor areas. These areas have already been described as part of a network, which includes the inferior parietal sulcus, for the "how" of achieving goals and enables the subject to make subsequent choices. 108, 109 The N450 is associated with completion of cognitive processes linked to decision-making. Differences were found between founder entrepreneurs and NFNE in the prefrontal areas. Within the prefrontal area, the orbitofrontal cortex represents a region of abstract value information that codes for differences between the perceived value of goods. 109, 110 
Neurocognitive differences
The prefrontal area is responsible for top-down control and adjustment of performance. 42 Some authors have formulated the hypothesis of a frontal cognitive unitary process for the attentional and control demands of decision-making. 90 From this point of view, the N450 can be seen as an extension of the N200. 34, 39, 42 However, other researchers have suggested that the N450 is a peak that is clearly distinct from that of the N200. 31 Thus, the delay in N450 latency and its greater predominance in the frontal areas suggest that founder entrepreneurs need greater brain resources for decision-making. These brain resources refer to processing of the decision outcome, which requires more time and higher activation in the frontal areas. In any case, the relationship between the N200 and N450 may be a complex one, and a possible alternative explanation has to be taken into account. The safest result arises from longer processing of the decision 
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Brain cortical organization in entrepreneurs outcome in founder entrepreneurs, and points towards more thorough processing of such outcomes in the founder entrepreneur group. The greater need for attentional resources would have had an impact on P300 or N450 amplitudes, but this was not the case.
The greater N450 activity seen in the prefrontal area could be associated with increased cortical resources during final decision analysis. N450 negativity is more marked in the frontal anterior areas of founder entrepreneurs. This may be linked to integration of knowledge concerning cognitive processing. 106, 107 The last stage of cognitive processing related to decision-making may be associated with several kinds of higher level functions 105 during which founder entrepreneurs consume more energy and need more time than NFNE to finish their cognitive processing. In this time frame, the response tends to become more negative as missing information is added to an incomplete or ambiguous object, rendering it more clearly associated with closure. Several studies have demonstrated prefrontal activity during this later time frame and have provided evidence for a functional network between the visual and frontal cortices, with the prefrontal area hypothesized to mediate matching between degraded sensory information and stored representations. 111, 112 Emotionally neutral decisions unaffected by reward and/or punishment are sometimes referred to as cold processes. They are considered to depend upon the dorsolateral prefrontal area. 113 The Stroop task belongs to the category of cold processes. Although it is arguable that decisions related to a company made by entrepreneurs are not devoid of reward or punishment, some authors have stated that cold processes govern real-life decisions, such as planning the details related to opening a new company branch. 62 
Final considerations
Some authors have contended that entrepreneurs do have a unique mindset and orientation. 114, 115 They differ cognitively from many in the general population and may be more competitively advantaged for dynamic business environments. 49 Hisrich et al 116 have suggested that cognitive shortcuts (eg, heuristics, more specifically representativeness heuristics) for decision-making could distinguish entrepreneurs from nonentrepreneurs and help to account for their different patterns of risk perception. 51, 117, 118 Cognitive shortcuts may be the only way forward for entrepreneurs, given the emotional constraints, fatigue, information overload, novelty, uncertainty, and time pressures normally associated with their work. 51, 91, 119 Entrepreneurs make sense of ambiguous, uncertain, and complex situations more readily than many in the general population, and may even learn faster as a result of this skill. 49 Our supplementary motor area and reaction time findings support this contention. Founder entrepreneurs need less time to visualize stimuli before making a decision, a task carried out mainly in the occipital area. Greater attention to relevant stimuli has been postulated to explain this phenomenon. 120 Founder entrepreneurs show a longer time for post-evaluation (N450). Some authors have postulated a complex interaction between systems affecting memory, active searching, attention, complex computations, establishing comparisons, decision-making, and checking of answers. 120 Based on the above discussion and taking our results into account, we conclude that founder entrepreneurs make decisions based on blurred and conflicting information differently from NFNE. 51 Entrepreneurs seem to have a faster decision-making process because closure of their decision happens earlier, but they are more alert to opportunities. 1 In this respect, entrepreneurs might be more oriented towards opportunity recognition and capture, and eager to make more rapid decisions about which opportunities to pursue. Subsequently, however, they dedicate significant cognitive resources to decision closure and resolution of residual conflicts. Entrepreneurs have to invest more mental effort in this process, partly because they need to check the decisions they have just made. 1 They assemble information and resources differently, in a nontraditional and nonlinear manner. 103 Amongst the most important limitations of our study are its relatively small study population and the aspects inherent in the choice to use a Stroop task. Ideally, a more businessorientated test could have yielded more specific information about decision-making in founder entrepreneurs; however, the Stroop task remains a widely used tool, is very well validated, and is a gold standard for the study of rapid decisions based on conflicting information. Our study has did not address differences within the founder entrepreneur group, ie, our experimental group, and more refined selection may have been more precise, although it could have rendered obtaining a sample simply nonviable. This experiment would also have benefited from another control group comprising managers with characteristics and experience similar to that of the founder entrepreneur group.
There are still huge gaps in research differentiating entrepreneurs from nonentrepreneurs in terms of neurobiology. A search using the National Institutes of Health engine 
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Ortiz-Terán et al yielded not one result for ,entrepreneur. and (,EEG. or ,ERP.). Our research is a first step towards exploration of this field and we have accomplished it using a high-density (128-channel) EEG device. On the other hand, personality is an issue seldom taken into account in neurobiological studies of this kind, but is likely to be very influential. We addressed this problem by using the most neurobiologic personality instrument available. Finally, we dealt adequately with the potential confounding factor of being a descendant of entrepreneurs.
Establishing the brain networks for decision-making is far from being fully elucidated. 109 There is a substantial body of research using functional magnetic resonance imaging for this purpose, yet the temporal resolution of this neuroimaging technique is about 4 seconds. Therefore, it is imperative to clarify what happens in the brain during the first moments when a decision is being made. EEG offers a unique window in this regard because its temporal resolution is in the range of milliseconds and it provides an opportunity to perform electrical source localization at low cost.
Entrepreneurs are able to identify a need and do something about it, but it remains unclear why other people do not follow a similar path to that of entrepreneurs. An important issue is the decision-making challenges entrepreneurs face in real life, and their response to these issues. Based on the results of our experiment, impulsivity and N450 latency, as well as their interaction, are the covariates that differentiate most between entrepreneurs and NFNE. These covariates are related to other covariates, such as reaction time and N200 latency, which help to distinguish between these two groups.
